Approaches to the management of health care have been framed around two broad conceptions of the nature of the health care process. The mechanistic view of care treats the process as a standardizable production process comprising a relatively unvarying sequence of decisions and tasks. The individualistic view regards medicine as an art not a science and the process one in which the professional uniquely crafts a care management strategy for each patient. Each view is associated with a different set of management tools -care paths and guidelines in the former case and financial and nonfinancial incentives in the latter. Both sets of tools are primarily used as mechanisms of control. This paper argues that the true nature of the care process, of which these two views are special cases, is a learning process comprised of a linked set of decisionimplementation cycles. These cycles yield both a medical outcome and new information upon which the subsequent cycle is based. As it unfolds the process of health care yields learning for the patient, the care giver, the delivery organization and medical science.
INTRODUCTION
The symptoms of the malaise of the US health care delivery system are in plain sight.
Everyone, regardless of training in medicine or health policy, can easily detect the widespread dissatisfaction of all parties -be they providers, employers, patients or health insurers. Failures of the system are manifest as horror stories of care denied or delivered erroneously, insupportable cost increases, millions of working Americans uninsured and labor unrest among the professional classes. The posited causes of such unhappiness are many and varied and include the structure of the care delivery system, our preferred method of employer based health care financing, high priced technological innovation and the intransigence of the various health professions. The optimal therapy is also far from clear as well: we don't actually know how to treat this "disease" in its every manifestation. Yet we employ technology as if we do, and technology itself becomes both the savior and the cause of our problems, playing a significant role in both cost increases and improvements in health and patient outcomes. 1 Managed care, originally proposed as a solution -increased and overt competition would bring about improved efficiency and increased quality as it has in other industries -is now vilified as the problem.
Meanwhile, conspicuously absent from discussions about the origins of the problems besetting health care delivery and optimal interventions is any consideration of what the system is supposed to achieve. All systems support underlying operational processes, yet the current debate about the functioning of the health care system has not considered the nature of this underlying process: the rationale of health care itself.
With the aim of informing the debate about how health care should function, this paper will examine the core unit of health care delivery, the process of health care. In other advances as it operates among providers, patient, and the delivery system as decisions are made and new information generated and incorporated. Current models of care delivery -based on assumptions of routinized treatment or individualized treatment as ideal alternatives -are consistent with this "learning process" nature of care.
THE PROCESS OF CARE
When an individual arrives in a medical "place," that person has a self-perceived health problem and seeks information and counsel from an agent who is presumed to have knowledge about this problem. Typically, the agent, after examining the individual, identifies the problem, forms a hypothesis about what the problem is, and on the basis of that, recommends a course of action for the individual to follow. If the patient continues in treatment, both the assessment of the problem and its treatment are measured and either reaffirmed or adjusted. Hence health care comprises a set of problem-solving activities: problem identification, diagnosis, treatment planning, treatment implementation, and follow-up.
What is significant about thinking of "health care" this way is in that providing care to an individual seeking a solution to his or her health problem the agent shifts from a focus on the disease as the primary phenomenon to the specific patient with that disease.
As such, both the individual patient's context and the disease as a "state" are considered in the attempt to explain both the cause of the patient's problem and the planning of the solution. That is, the body of medical knowledge the clinician draws upon to solve a patient's problems treats a disease as an isolated phenomenon. In caring for an individual patient, however, the clinician in effect connects the patient with the disease disease may be modified due to considerations of the patient's preferences or specific biology. Thus in treating the patient with the disease the clinician/agent is treating both the disease and the patient. The set of activities by which the agent identifies, characterizes and resolves a patient's problem by treating the disease and the patient is "the process of care". This process -the connection of a patient with a disease through the activities of diagnosis, treatment planning, treatment delivery, and the monitoring of patient well-being during recovery -is universal. Over the course of medical history our understanding of diseases and the tools we use to make the connection have grown more sophisticated but the basic process has stayed the same. To the outside observer how particular patients 2 are connected to general diseases may not be immediately apparent. It is obscured by the visible activities that characterize the health care delivery system. In this system physicians and nurses give drugs, operations and counsel to patients and these activities occur within the myriad of organizations 2 In this paper the terms "individual" and "patient" are used synonymously, as are "physician" and "agent" The term caregiver is used to denote a member of the care giving professions, such as a doctor, nurse, or physical therapist. These visible structures and activities -the work of caregivers, and the institutions of health care delivery and financing -all overlay the process of care defined above.
Health care systems vary from state to state and nation to nation, shaped by cultural norms and available resources. In each region they comprise different institutions and professions and draw from different bodies of knowledge. Moreover, each represents differing implicit societal agreements about the nature of illness, the role of the sick, and the appropriate apportionment of decision and property rights related to illness.
Nonetheless, regardless of the structure of the system in which care takes place, the process of care is made up of the same four basic activities that connect the patient and the disease: diagnosis, treatment planning, treatment delivery and monitoring ( Figure   2 ). Each activity involves both decision making and decision implementation. They occur within the context of a key relationship between the caregiver and the patient. At each step in this process patients interact with their caregivers who determine and then deliver the interventions most appropriate to their needs at that time.
This process may last days or years, depending on the patient's underlying illness, and may take place in many settings including physician's offices, acute and sub-acute settings and the patient's own home. For example, patients with an acute condition like a broken bone go though this process once over a relatively short period of time. In The process of care lies at the heart of a health care system. Moreover, other processes and systems derive from the process of care. The decisions and activities of diagnosis, treatment selection and implementation, and monitoring determine the demand function for many sub-sectors of the health care industry, for example the pharmaceutical, device, diagnostic and hospital industries. Equally, the specifics of the decisions and interventions for any particular patient are also constrained by various sub-sectors of the industry that determine the available resources, such as the health care financing and regulatory sectors. For example, most interactions between patient and caregiver generate a bill, thereby initiating many subsequent transaction processing steps and creating the market in which billing companies compete. Supplies used during the care process -such as tests, hospital bed days, pharmaceuticals, and medical devices -are delivered to that moment in which the patient and caregiver interact by a complex supply chain. The industries that develop and market pharmaceuticals and devices, distribute medical supplies, process bills, provide ancillary services, and manage clinical and billing data are all tied to the core process by which an individual patient's medical problems are identified and solved. The process of care not only generates these industries' demand but is also the process into which their products and services must ultimately be integrated.
Components of the Care Process
The process of care can be distilled into two major components: decision-making (what is the cause of the problem -i.e. what is the disease and how is it manifested in this specific patient?), and decision implementation (what is to be done, given this ultimate drivers of health care costs. Fully 85% of all the costs of health care are realized on the signature of an individual physician.
Several bodies of knowledge inform these decisions. Medical science includes basic human biology and clinical practice, i.e., knowledge about the "disease". Industry and organizational knowledge comprises an understanding of the industry structure and
regulations that determine what care may be delivered as well as how best to organize its delivery. And, individual patients have personal knowledge of their own values and preferences that shape their health care consumption decisions.
In delivering care, expert clinicians attempt to make decisions, and thereby solve problems, through matching their observations of the individual patient's medical condition to known patterns described by medical science. They attempt to resolve discrepancies between the picture the patient presents and these known patterns by either seeking more information or making a tradeoff between the risks and benefits of acting in the case of an imperfect match. These decisions precede the tasks that constitute the external manifestation of health care, what we think of as health care.
Significantly, however, the decisions that define clinical care are made under conditions of uncertainty. 4 Uncertainty surrounds the class of problems to which a patient belongs, and the individual patient -both by the very fact that a disease exists within an individual, and because important information about the patient may be not be accessible to the physician. Some uncertainty may be reduced by better information and forecasting ex ante, as well as through the ex post observation of the results of prior decisions. Some uncertainty is intractable, however, in that our current understanding of disease is insufficient for us to predict the optimal course of treatment for an individual patient or their response. 5 As such, the matching of the particular patient to the presumed patterns of a disease is always probabilistic. Relatively few decisions are deterministic and few care paths are linear. The net effect of this kind of uncertainty is to permit a wide range of variation in what is regarded as "acceptable" care.
And, it is not only the physician who makes the decisions about the patient and his or her disease and thus causes health care resources to be expended. The patient's physician is increasingly part of a care delivery team comprising multiple specialist physicians, nurses and therapists. The decisions ultimately reflected in an individual patient's care represent both the decisions of individual caregivers and the consensus among the team as a whole. Furthermore, beyond the care delivery team are equally, if not more important decision-makers, the patients themselves. The extent to which patients participate in the decision-making process ranges along a spectrum. At one end is the decision to seek care -traditional or complementary -itself and the decision to comply with -to implement -the treatment plan recommended (e.g., to fulfill the prescription for specific medication provided and to actually take the medication as prescribed). At the other end are patients who do more than seek care and comply; they inform themselves and participate fully in their own health care decisions.
accept or reject the advice by accepting or rejecting the diagnosis and consenting or not consenting to the recommended treatment. Hence not all decisions are implemented.
Decision Implementation and the Process of Care
Once a decision (diagnosis or treatment strategy) has been made, it is intended to be implemented. Indeed, diagnosis and setting forth of a treatment strategy represent decisions made in tandem. Yet it is not a safe presumption that the care decided upon will be implemented. As noted, the patient may decide against following a recommendation, or be prevented from doing so by any number of financial and nonfinancial barriers to access to care, such as the fragmentation of the delivery system. If a medical decision has been implemented, the clinician and patient can then observe the outcome of the care delivered -which either confirms or denies the accuracy of the decisions. In observing the outcomes of care both clinician and patient learn. Most frequently the clinician learns about the specific patient being treated -his or her individual biology and personal preferences. The clinician may also learn about the way in which local conditions, such as the demographics of the population being treated or the functioning of locally available resources, influence the way in which medical decisions should be made and implemented. Occasionally the clinician, alone or in collaboration with colleagues, may learn something unique about the class of patients of which this patient is an example or the solution to a class of problems. As such, the body of science pertaining to this type of patient is advanced, and the understanding of "disease" becomes more refined.
Over time this learning increases the body of knowledge underlying care decisions at both the diagnostic and implementation levels. Local delivery systems improve as we learn more about the optimal design of the mechanisms by which we apply that science to our patients. Clinicians' knowledge of individual patients also advances (usually in concert with the thickness of the patient's medical record). Finally, patients' own knowledge and expertise increases -knowledge of themselves and of that corner of medical science that applies to them, and expertise in applying that knowledge to their own health care and own diseases. The above discussion reveals that the components of the care process are interdependent; they are not "stages" -one leading inexorably to the next, because the clinician's knowledge of disease interacts with the individual's manifestation of the disease. Clinician and patient (ideally) collaborate on the disease problem as part of the care process. Each learns through this process. In the following sections we will explore how this works.
TYPES OF KNOWLEDGE DRAWN UPON IN THE PROCESS OF CARE
Medical decision making represents the reconciliation of the caregiver's general medical knowledge about diseases, their causes and therapies, and the organizational context of care delivery with specific knowledge of the particular patient. In characterizing a patient's medical problem and planning and executing a course of treatment intended to resolve it, caregivers make reference to four separate bodies of knowledge. Three are general inasmuch as they are independent of the patient whose problem is the current focus of attention. By integrating these bodies of knowledge, the caregiver is able to craft a care process that is uniquely suited to the needs of the individual patient, yet reflective of the current state of medical knowledge about the general class of problems the patient represents. The caregiver acquires some of this knowledge during training and postgraduate continuing medical education courses, but a large part of the knowledge base derives from his or her unique experience.
The first body of knowledge informing care decisions is that contained in the medical literature, which is acquired through individual study of texts and journal articles both during and after medical and other professional schooling. This body of medical knowledge continually evolves, and practicing physicians and other care givers with little time for study rely on conferences and pharmaceutical representatives to keep them up to date.
The second body of knowledge derives from the practitioner's unique experience base.
In general, inexperienced practitioners tend to rely on rigid guidelines and rules learned in medical school to guide their interpretation of their observations of the patient and their attempts to solve problems and make medical decisions. 6 Experience, by comparison, allows the practitioner to observe the outcomes of multiple uses of the rules taught in professional schools and thereby learn through experimentation. The practitioner is able to refine internal criteria for distinguishing when one rule is more applicable than another, to integrate many simple rules into sophisticated patterns, to weight some observations more heavily than others and thereby develop hierarchies of observations, rules, and patterns. These can then be matched to individual patients. As experience varies this knowledge is unique to that practitioner.
Much modern care is delivered by an organization that employs many care givers whose coordinated and integrated activities determine the patient's outcome. The third body of knowledge is organizational knowledge embedded in the system which delivers care as that organization's norms, policies and procedures. Physicians frequently practice medicine in conjunction with several organizations, including the delivery system, their own practice, and the patient's payor. Knowledge of all of these organizations' strengths and weaknesses and rules and procedures play into physician decisions. Thus, physicians take the reliability of the local laboratory into account when evaluating a patient's results and the payor's formulary (to the extent that the physician knows this information) when prescribing medications or recommending a site of care.
Finally, there is patient-specific knowledge derived from the medical record, the patient's disclosures to the physician/care giver at the time of the consultation and the past and present observations of the patient. This is knowledge of the patients' personal, medical and family histories, that individual's unique biology and physiology, personal values and preferences. Subsequent observations of the patient, especially their response to therapeutic interventions, increase the practitioners' knowledge of the particular patient.
In making clinical decisions these bodies of knowledge are integrated and conflicts among them are reconciled. For example, a physician treating a patient with new onset atrial fibrillation (an abnormality of heart rhythm) will be aware of the guideline recommending the use of the anticoagulant warfarin for patients with this disease in order to prevent stroke. She will also be aware of the hospital's process for anticoagulation and the strengths and weaknesses of her hospital's anticoagulation clinic (if indeed one exists) and its success in monitoring patients on this dangerous drug.
Finally she will be aware of the fact that the particular patient has a past history of alcoholism and falls, which are associated with an increased risk of bleeding in patients taking warfarin. Ultimately, she may decide that, in spite of the general recommendation, this patient ought not be commenced on warfarin. In reconciling these four bodies of knowledge the physician is applying general medical science to knowledge of a particular patient.
Types of Decision and Decision Making Process
In integrating and reconciling these four bodies of knowledge care givers arrive at one or more of many decisions, including the core care process components of making a diagnosis and selecting a therapy and implementing it. These decisions are made at every stage in a patient's interaction with the care delivery system through the phases of diagnosis, treatment selection, treatment delivery and monitoring ( Figure 2 ). In other words, the care process comprises multiple care team-patient interactions, each of which consists of decision making and / or the implementation of these decisions. This is a recursive learning process, whose various decision points inform each other.
As we have seen, the key decisions are as follows. First, a problem is identified, either by the patient or as a result of some screening effort and the patient decides to seek care 7 . Once a care delivery process has been initiated (by the patient or a care delivery organization) a diagnosis is sought and defined. Several smaller decisions lead up to the diagnosis decision. For example, the physician makes the decision whether or not to gather additional information and decides on how to interpret subsequent laboratory results.
Next an appropriate treatment is selected, often from among many that are available.
The choice of treatment is obviously dependent on the diagnosis but also on the special characteristics of the particular patient such as other diagnoses and treatments and the patient's preferences. This treatment choice is implemented through a series of narrower, though not insignificant, operational decisions -often the locus of important medical errors. 8 The physician's judgment about how effectively a treatment choice is likely to be implemented will affect the choice of treatment. Finally, the care delivery process frequently extends to the ongoing monitoring of a patient over time during which the significance of change is repeatedly evaluated. If the care process was initiated to address a chronic health problem, then there will be many iterations of the cycle involving monitoring, evaluation and diagnosis, and adjustments to the treatment.
Models of Decision Making
Two very different models are drawn upon to represent how clinical decisions are made at various phases in the care process. 9 The first, called "recognition primed decisionmaking (RPD)" 10 , attempts to characterize the way in which physicians make decisions in practice and represents the physician as an expert pattern recognizer relying on the intuition developed over years of experience. The second, classical decision making, is normative rather than descriptive, and is based on a view of the physician as a rational actor dispassionately computing probabilities internally. The RPD model depicts decision making as dynamic, iterative and sequential. The physician matches her observations of the patient to well-recognized patterns she has learned during formal training and refined or added to during her post training experience. This matching process involves a mental simulation of the "goodness of fit" between the patient observations and known patterns or the diagnosis and the potential therapeutic intervention. Significant gaps between the patient observations and the known patterns may occasion more information gathering (i.e. increasing the number of patient observations) or risk benefit tradeoff.
We should note that in recognition primed problem solving the physician does not develop and then select from an exhaustive (or even short) list of the all the possible patterns that could account for the patient observations. Rather, selecting from her own personal archive of patterns and experiences, she goes straight to the pattern most likely to fit the observations of the patient. Then through information gathering, mental simulation of the likely outcome of a particular course of action, or therapeutic trial, she tests that single pattern. The experienced observer does not accord all observations about a patient equal weight, but places greater significance on some. Hence the process of decision making is actually very parsimonious. For an individual patient the differential diagnosis list (of all possible diagnoses) may be quite long but the expert physician only seriously considers, and further investigates, a handful. 11
Recognition primed problem solving is intended to describe decision making by an individual clinician about an individual patient at a particular point in time. This is decision making about the patient with the disease, not the disease as an isolated phenomenon. The patterns that the physician uses to organize and make sense of her observations synthesize and reconcile multiple "best practice guidelines", themselves descriptions of idealized care of a disease.
The second model of decision-making, the classical decision model (CDM), is best characterized as a selection from among explicit alternatives. In contrast to RPD the 10 Klein G. Sources of Power: How people make decisions. MIT Press, Cambridge Massachusetts, 1999. physician first develops a defined set of alternatives (fully specified outcomes) from which to choose. Each alternative has an associated explicit probability of a positive and negative outcome and a value for each of these outcomes. The probabilities and values associated with each outcome are computed mathematically to generate an expected "utility" for each outcome. The expected utility of each alternative is compared to all the others and the practitioner selects the option with the greatest expected utility.
This model is not purported to describe the way physicians make decisions in daily practice. On the contrary, it has been developed as a normative description of the way clinical decisions ought to be made in response to the growing body of evidence suggesting that physicians are imperfect decision-makers. 12 Nonetheless, the expectation of orderly algorithmic physician decision making underlies many of the thousands of "best practice guidelines" to which physicians in daily practice are expected to adhere. Utilization management algorithms and criteria sets that are used determine the appropriateness of individual tests and therapies are primarily based on this model of medical decision making. It is the core of the techniques of cost benefit and cost effectiveness analysis that underlie many economic and clinical analyses of medical interventions.
Problem Structure and Decision Making
Not all decisions are the same. 13 In some cases to "decide" means to solve a problem.
The clinician seeks a single right answer, such as that single diagnosis that matches the particular patient's mix of symptoms, signs and laboratory results. On another occasion to decide means to select the best from the finite list of defined options associated with the disease (as an isolated phenomenon). The options may differ from one another long one or more of several dimensions, such as cost, likelihood of survival, or quality of life.
None is either "right" or "wrong". The decision requires making tradeoffs among these attributes. In connecting the particular patient with the general disease -during which the physician makes a diagnosis and selects a therapy -the problems the physician is attempting to solve and the choices she is making are more or less structured. When a problem is new to the particular physician or is not well understood by medical science no established patterns exist to explain the patient's condition and constellation of observations thereby connecting it to a disease. In this case the problem faced by the physician is unstructured. The physician solves the problem by reasoning from first principles using all of the knowledge she has available. Cognitively, such unstructured problem solving is intentional, slow and effortful. 14 More frequently, the patient's condition conforms, more or less closely, to a pattern the physician well recognizes -either because she has seen it before or was taught it during training. In this case the connection between patient and disease is made though a process of pattern matching. Where there is an imperfect match the physician will either seek more information or make a tradeoff between the risks and benefits of acting or not acting in the case of an imperfect match. Cognitively such pattern matching is often automatic and rapid.
Finally, in the most structured circumstance, the connection between patient and disease may be made using a rule -a simple "if-then" statement. In practice the difference between a pattern and a rule is simply the level of probability of the association between the observations and the phenomenon, the strength of the coupling between cause and effect. If a pattern is connected with a known outcome with a high enough probability then it becomes a "rule". For example, a simple rule regards immunization of children against measles. Not all unvaccinated children will contract the disease, and not all with the disease will develop its worst complications. However the association between vaccination and not contracting measles is strong enough and the social benefits are high enough that measles vaccination is widely treated as a rule.
These three possible modes -unstructured problem solving, pattern recognition, and rules application -are alternative ways in which alternatives are generated and selections are made. Different modes may be used in different phases of care. So a physician may make decisions in diagnosis and treatment selection based on pattern recognition but the implementation of the treatment may be governed by simple rules, or diagnosis may involve pattern recognition but treatment selection is driven by a rule.
Which mode pertains for any given physician, patient and decision depends on the structure of the problem at hand, and, ultimately on the state of both general medical knowledge and the physician's own personal knowledge. The less structured the problem the less easily it can be reduced to an explicit choice or algorithm. Debate exists about whether the structure of a problem is an independent function of the problem itself, or a function of the way in which the problem is framed by the decision-maker. 15 Experts, the argument goes, structure problems more effectively than novices. 16 Novices tend to apply the rules they have learned during training without modification. 17 Hence what for one physician is an unstructured problem is to another a pattern, and to yet another a "rule". With increasing experience decision-makers learn to recognize subtle patterns in their observations allowing them to organize these observations differently and reach conclusions that a novice would not by simply applying their rules they had learned.
The freedom for so much discretion for the individual decision-maker derives from the uncertainty underlying almost all medical decisions. As we have seen, uncertainty may be a function of the decision -some decisions are more uncertain than others -or the decision-maker -some decision-makers more experienced than others. The effect of this uncertainty in the process of care is that acceptable care is a range not a point. 18 There is ample room for each caregiver to apply their own models of cause and effect when creating a care process for a given patient -in effect, to conduct minor "experiments".
role is frequently understated and reduced to the level of "compliance. Less frequently as noted, information about the class of problems (the disease as an isolated phenomenon in Figure 1 ) of which the particular patient is an example is created. In utilizing a therapy and observing the outcome a decision-maker learns about applicability of that therapy to a class of patients -the eligibility criteria. For example, minimally invasive cardiac surgery was initially thought not to be applicable to obese patients by some early adopters. Later they noted that in fact it was ideally suited to some of these patients. 22 Such information is very specific. It is not only information about the performance of a therapy in isolation (efficacy data -which may be gained from early clinical trials that makeup the bulk of FDA submissions) but also information about the performance of the therapy in the decision-maker's hands -its effectiveness.
It is important to note that such experimentation is a fundamental to the nature of the care process. It is not "experimental care" in the sense that the effects of the therapy are In summary, routine care generates information that updates one or more of the physician's knowledge bases. The knowledge is of varying generalizability -some only relevant to that specific patient being treated and some more broadly applicable to groups of patients and processes of care. Some can only be appropriated by the individual clinician (as part of their personal experience base and tacit knowledge) and some that may be captured by a delivery system and codified as a new or refined process of care.
Caregivers are not the only ones who may appropriate new knowledge from "care experiments," however. As they make and implement decisions in their own care, patients learn about both their preferences and values and about their disease and its treatment. By participating in the delivery of their care patients become experts in their own diagnosis and treatment. An experienced diabetic patient, for example, routinely increases and decreases his daily insulin dosage in response to his daily diet and exercise patterns and clinical data he collects using his glucometer. In effect he is making many of the same clinical management decisions that his physician would make.
Because the net effect of this "routine experimentation" is an increase one or more of the knowledge bases that underlie medical decisions the knowledge bases are inevitably in continual evolution. Evolution of these knowledge bases occurs at three levels; the individual practitioner, the care delivery system, and the general knowledge base of medical science.
23 One, still unrealized, promise of the genome is the ability to predict beforehand if a patient is genetically Individual Practitioner: Each time a physician interacts with a patient, either by questioning and observing the patient, or by seeing the results of investigative tests or trials of therapy she learns more about that patient. She learns about the patient's unique biology, their specific disease, their social and family situation, their capabilities and their preferences. She also learns about the capabilities of the organization in which she is delivering care with each new decision-implementation "experiment".
Furthermore, each interaction presents the physician with an opportunity to augment their experiential knowledge base.
Recognition primed decision making is highly dependent on the physician's experience and expertise -that is, it is an expression of the physician's "knowledge-in-use" 24 as much as the body of medical science ("knowledge-in-books") from which it draws. It is through this experience that the physician develops her own personal "library" of patterns that she uses to ascribe meaning to a set of patient observations. The knowledge the physician uses on a daily basis therefore represents a synthesis of her theoretical knowledge (from the medical literature), local knowledge (of the ways in which the local delivery systems functions) and her implicit hypotheses, developed iteratively through personal trial and error, about cause and effect. Each physician therefore makes clinical decisions using a unique knowledge base.
Each decision-implementation cycle is an opportunity to test implicit theories about cause and effect. As a clinician treats more patients and manages more clinical situations she gains the experience needed to become expert. Expertise develops when a clinician develops and refines patterns, hypotheses and expectations that guide their response to any actual situation. 25 The knowledge an expert employs is qualitatively different from that employed by a novice. Experts employ tacit knowledge which, unlike explicit, is hard to articulate and predisposed to a particular side effect. 24 Beaulieu ND, Bohmer RMJ. The Anatomy of Physician Decision Making. HBS Working Paper, forthcoming.
is acquired through experience. 26 A nurse or physician who makes a prognostic statement about a patient based simply on their "look" is relying on tacit knowledge.
The practitioner is not able to articulate what it is about the patient's "look" that implies that prognosis. Practitioners develop tacit knowledge through practice and experience, not study of texts. The nurse or physician will have seen many previous patients with the same "look" that have gone on to a particular outcome. Novices, on the other hand, rely on explicit knowledge, easily transmitted because it has been codified as a care path or guideline the tasks and their sequence that need to be undertaken in order to achieve a desired clinical outcome. A care path can be created because the knowledge of what variables are important and how they interact with each other can be written down.
Hence the individual physician's personal knowledge base is continually developing, either through the learning of explicit knowledge through study or through the development of tacit knowledge through experience. Each new decisionimplementation cycle is an opportunity for an individual physician to enhance their personal expertise. In the same way patients also gain explicit and tacit knowledge when they are involved in their own care. As patients make and implement some of their own health care decisions they also go through this process of developing expertise and tacit knowledge. The diabetic patient described above learns to recognize patterns in his own symptoms and signs.
Care delivery system: The way systems learn is different from how an individual learns. System knowledge is embedded in the organization's routines and the behavior of individuals and teams within the organization. The mechanism by which systems "learn" (and thereby improve their performance) is the revision of organizational routines 27 and the changing of individual and team behavior. 28 As individuals or teams of caregivers develop increased understanding and new and improved ways of doing things they update organizational routines. When this knowledge is tacit it becomes part of the culture and the implicit principles that underlie daily work. When this knowledge is explicit it may be codified in policies and procedures. Through system redesign and quality improvement activities health care delivery systems are continually developing new routines and updating old ones. 29 The knowledge embedded in the care delivery system, expressed as the organization's capabilities is also evolving over time. any practicing physician will be totally up to date with the medical literature.
Medical
These three knowledge bases do not evolve independently. Caregiver's increasing expertise, development of delivery system capabilities and the advance of science are all inter-related. Knowledge flows among all three. The usual presumption is that knowledge flows from medical science to individual practitioners. CME is designed to keep practitioners current with developments in medical science and clinical practice.
By definition the knowledge communicated during CME activities is explicit since it is transmitted via lectures, workshops and publications. Knowledge also flows in the 
HEALTH CARE AS A LEARNING PROCESS
This paper has described the nature of care as a decision focused process that learns through a set of nested decision making -decision implementation cycles. The three elements -the knowledge bases, the decisions, and the new information -interact to create new patient specific knowledge that is integral to the process of health care
because it is about the patient with the disease. In this sense the care of each patient is an observational experiment and the process of care is a "learning process" inasmuch as the process learns as it unfolds. Indeed, it is the nature of the process of health care to actively seek and assimilate new information about the patient, information that will modify the next step in the process. In the longer term, the process of health care results not only in a medical outcome -a cure or mitigation of the medical problem for which the patient originally sought carebut also an information outcome. Information gleaned from the care-provisioning processes of many individual patients may also update one or more of the knowledge bases -the organizational and medical knowledge bases that are not patient-specific -on which decisions are based ( Figure 6 ) and so inform the care of future patients. This is the second sense in which the process of health care is a "learning process". Such learning is an inevitable byproduct of the care of individual patients. Finally, participants in the process -physicians, nurses, other allied health professional and, of course, patients -also learn through cumulative experience. Over time such learning changes the way in which they make decisions -from the rote rules application of the novice to the sophisticated pattern recognition primed decision making of the expert. 32
32 Note that the focus of this paper is on the "static" manifestation of health care as a learning process, and the implications that flow from that perspective. We have examined the process' structural parts and how they fit together. The "dynamic" manifestations -the evolution of the process over time -and implications will be examined in a subsequent Working Paper. That the process of health care is by its nature a "learning process" in no way implies that the health care delivery system, as it is currently configured, optimizes such learning. Indeed it could be argued that the US health care delivery system, fragmented professionally and organizationally, actively thwarts learning within and across teams and organizations by impeding the transfer of information and the accretion of knowledge.
Furthermore, most current approaches to the management of the delivery system treat the underlying process as anything but a learning process. In the medical literature two competing views of the process of health care exist among clinicians and health care managers. Each implies its own approach to the management of medical care and a repertoire of particular management tools.
Mechanistic health care:
On the one hand, the provision of health care is viewed as a reproducible routine in which there is relatively little variation from one patient to the next. In this view a knee replacement is a knee replacement and the criteria used to establish whether a knee replacement is necessary, the processes by which the replacement is performed and post operative care delivered are all substantially unvarying. Proponents of this view look to operations research, manufacturing industries, and those service industries in which "processes" are highly reproducible for insights into how to increase the efficiency and quality of care. They ask, "if McDonald's can do it, why not health care?" The process of cooking and serving hamburgers is of particular interest because the key unit of analysis is the production worker, not the production machine, yet the outputs are highly standardized, and indeed, their quality is related to their standardization. Absence of variation is one of the bases upon which
McDonald's competes. An important characteristic of this view of the process of health care is that there is an intended outcome -for any given patient with a disease a preferred course of action and result exist -and quality can be measured in terms of success in meeting that outcome. Individualistic health care: An alternative perspective, perhaps best characterized as the "health care is not hamburgers" view, holds that the care process is highly idiosyncratic and appropriately so. Human beings and patients vary infinitely and, consequently, the care of an individual patient can never be adequately pre-specified. Each patient's care must be designed afresh by the clinician of the moment with reference to the patient's unique biology and personal circumstances. A patient may have many diseases concurrently, or her personal characteristics may exert such a powerful modifying force on a single disease that the process of health care must be defined at the level of the patient with the disease, not the disease in isolation.
Importantly, in this view, the quality of care for an individual patient cannot be judged by measuring the difference between the care actually delivered and the standard operating procedure because there may be many legitimate patient-specific reasons for this difference. There is no single intended outcome of care but rather an intended value that is jointly determined by the patient and practitioner when they make tradeoffs between clinical considerations and personal preferences.
The existence of these two viewpoints leads clinicians and managers to adopt differing sets of management tools to improve the quality and efficiency of health care.
Interventions that primarily target the process itself (care paths, guidelines, utilization management and second opinions) conceive of health care as a specifiable manufacturing style routine in which the process of care for a particular patient can be compared to a "production specification". The attempt is to lay out, in advance of care, a best practice pathway, based on the best currently available evidence. This pathway is a function of the disease, or the technology used in its diagnosis or treatment. 33 When applied to a patient with the disease the pathway is expected to be modified -hence the usual disclaimer of the form "this guideline is not intended to replace informed clinical judgment." But such modification is typically around the margins. In effect routine care is routine, and most patients are similar.
33 Some guidelines and pathways pertain to the use of a specific piece of technology.
Higher level management interventions such as financial incentives, professional socialization and practitioner education, by comparison, are rooted in the view of the health care process as a unique set of individual events customized for each patient. If a patient's care cannot be pre-specified then the only loci of possible intervention are the various incentives that shape a clinician's decision making as she or he creates that patient's health care process de novo. Financial incentives, for example, are predicated on the assumption that a physician's enlightened self interest and value creation for the patient, which are connected by the physician's decisions about that particular patient's care, can be made congruent.
These two views frequently co-exist. A patient may be managed according to a strict protocol that defines the caregiver's every action and decision until such time as something unusual transpires. When patients undergo anesthesia, for example, activities are highly routinized. One of the anesthesiologists' roles is to monitor for deviations from this routine and manage each as a unique event. 34 In oncology the choice of which chemotherapy regimen to deliver to a patient with cancer may depend on the expert judgment of the experienced clinician, but the logistics of drug delivery may be entirely standard. Similarly, the decision to immunize a patient against a given the grounds of completeness 36 and an ethic that favors doing all that is possible for a patient. Along with other non-price mechanisms, guidelines often act as a countervailing force to fee for service payment, recommending more parsimonious testing strategies. Conversely, in the context of capitation, often regarded as an incentive to under provide, inasmuch as they specify the minimal components of care, the same guidelines may act as a mechanism of ensuring that more is done, not less. 37 The "learning process" description of health care sits somewhere between the two extremes discussed above. On the one hand, steps in the process are more intimately connected than the "care as a customized collection of idiosyncratic events" view would have it. This is not because sequences of steps for an individual patient can necessarily be specified in advance or elegantly mapped as flow charts, but because each step generates information essential for subsequent steps. On the other hand, the health care process is much more variable and flexible than a "manufacturing" viewpoint would suggest. The information generated by each decision-implementation cycle in the care of a patient with a disease that influences the next step is highly specific to that individual patient. Furthermore, decisions and their implementation are undertaken by multiple parties, each with their own incentives, models of cause and effect, and resources such that it is not always feasible to create a standard operating procedure that would govern the behavior of all the participants in the health care process.
The learning process itself can be either mechanistic or individualistic (Figure 7 ). These two extremes in fact represent special cases of the more general learning process. When knowledge is explicit and uncertainty low then decisions can be proscribed and articulated as care paths and criteria sets accessible to less expensively trained and less experienced decision makers. Conversely, when problems are highly unstructured and uncertain, or the knowledge required to deliver care is tacit and cannot be easily articulated then more highly trained and experienced decision makers are required. In such situations physician behavior cannot be influenced by clinical rules, but only by the various incentives available to health care managers. The vast majority of care is between these extremes. Some aspects of care are highly specifiable with explicit criteria and rule based decisions, and others are highly idiosyncratic and individual. In either case the process of care is one in which the four knowledge bases inform a set of decisions that when implemented generate new information that informs the next decision. The current approaches to health care management, outlined in the section above, are strategies for control. Both aim to reduce practice variation and increase quality and efficiency by constraining physician behavior -either through process specification or personal incentives. Neither alone explicitly supports individual, team, or Hence deviation from a care path is not an event that should occasion an insurance denial or a unit chief's reprimand. Rather, it is an opportunity to learn about the individual and the system. To learn from such events, however, necessitates that the care of individual patients or classes of patient be planned prospectively -a kind of "routine experiment". The outcomes of such planning -a standard treatment plan, a mechanism for identifying deviation from the plan and a facility for learning from that deviation -are all components of team and organization level learning. Of course for most acute conditions the health care system will always be in the position of reacting to an event. For chronic conditions however, the majority of medical care, prospective planning of care experiments is possible.
Viewing health care as a learning process has an important implication for those innovators aiming to sell into the health care process, too. The adoption of new technologies and processes requires behavior change by clinical staff. As we have seen, continuing medical education -in the context of either professional meetings or detailing by sales representatives -only targets one of the knowledge bases underlying care delivery. Where new technology adoption requires patient, team or organizational learning CME alone will be insufficient. These three constituents learn predominantly through structured experimentation and aggregated experience not the one way transfer of explicit information. 39 To promote the adoption of innovations in these circumstances is not simply a matter of making new information and resources available through depends. 40 The sheer volume of technological and service innovations will increasingly place the burden for this on the supplier not the adopting organization.
Finally, the learning process/nature of care as it is described here suggests an alternative role for patients. They are not simply passive recipients of the caregiver's attentions, but full and active members of the care delivery team. The success of a "care experiment" is predicated on the fidelity with which the treatment plan (which has derived from the care giver's and patient's decisions) is implemented. The learning process is exquisitely sensitive to the behavior of the patient, particularly in primary care where patients are the final implementers of so many decisions. Furthermore, in chronic conditions patients, too, appropriate much of the learning from their own care, and with experience may take on an ever increasing role in the team. Patient's active participation is therefore essential if the team as a whole is to learn to optimally care for not just that particular patients but other like patients.
It is all too easy to castigate the US health care system; its complexity attests to the multiple obligations it is to satisfy, and its multiple models of practice, in their seeming contrast, imply that how care "should" be provided is by no means evident. We frequently hear that managed care has failed and that the system needs to be overhauled. Nonetheless, underlying the US and all health care delivery systems is something fundamental -something that all, even the simplest "systems," encompass: party is learning about the disease and its manifestation "here," in this person. Each party brings knowledge to the process, and that knowledge is experimented with as diagnosis and treatment are enacted. New information thereby arises, thereby increasing the knowledge of both parties, and improving their ability to undertake care in the future.
From "the system" perspective, knowledge about the disease and its manifestation in this, and multiple individuals refines and specifies applications of "general treatment"
possibilities. From the medical agent perspective -clinicians and clinical teams -can be armed with more articulate patterns to refer to, while also being aware of the need to use these in further rounds of experimentation with individual patients. For individuals, knowing that they are being viewed as participants in a process that encourages their involvement can help in very real compliance issues; they need not be by definition passive recipients of care. In short, supporting care as a "learning process", managing for learning not control, enables learning and improvement at all levels -thereby improving system performance without recourse to major system overhaul attempts that have failed in the past.
